Abstract: Advanced adenocarcinoma of the pancreas has a globally poor prognosis. One of the characteristic features of pancreatic cancer (PC) is pancreatic exocrine insufficiency (PEI). This leads to a malabsorption syndrome and subsequent digestive symptoms. Given the high prevalence of PEI and malabsorption in PC, empiric use of pancreatic enzyme replacement therapy (PERT) is recommended. The aim of this pilot study was to determine the potential efficacy of PERT in improving symptoms and quality of life in those with metastatic PC. The study recruited patients with advanced PC referred to a specialist palliative care service. Following an initial assessment, patients were commenced on pancrealipase 25,000IU (Creon) and reassessed after 1 week and 3 weeks post-initiation of supplementation. These assessments included demographics, malabsorption symptom checklist, and completion of two validated quality-of-life questionnaires, the European Organisation for Research and Treatment of Cancer QLQ-C30 and QLQ-PAN26. PERT was associated with statistically significant improvement of symptoms in both the general (QLQ-C30) and pancreatic cancer specific tool (PAN26). Within 1 week of PERT initiation, there was a reduction in diarrhoea scores (26 vs. 8, p<0.005), pancreatic and hepatic pain (47 vs. 33 and 24 vs. 11, respectively, p<0.05). After 3 weeks, there were significant improvements in pancreatic pain and bloating/ gas symptoms (47 vs. 26 and 46 vs. 26, respectively, p< 0.005). PERT appears to have the potential to improve symptoms of malabsorption in patients with metastatic PC.
Introduction
Advanced adenocarcinoma of the pancreas (PC) has a dismal prognosis, with a 5-year survival rate of approximately 5% and a median survival of a few months. [1] [2] [3] In New Zealand, the median survival among those with metastatic PC is 92 days, in line with European statistics and slightly less than the United States. 4 In addition to poor survival, PC patients face disease-related symptoms that reduce quality of life. 3 One of the hallmark features affecting these patients is pancreatic exocrine insufficiency (PEI). This leads to malabsorption (MA) and subsequent symptoms of poor digestion.
A healthy pancreas produces 500-1000 ml of digestive enzymes per day. When enzyme production falls below 10% of normal, PEI results, leading to MA. 5, 6 This can occur in PC due to loss of pancreatic parenchyma, blockage of the duct, surgical procedures and scarring. [6] [7] [8] PEI primarily impacts fat absorption.
In PC, MA is present in 68-92% of patients at diagnosis. [8] [9] [10] Prior studies have found that 67-72% of PC patients have symptoms as a result of MA. 11, 12 These symptoms may include diarrhoea, excessive flatulence, cramping, steatorrhoea, abdominal bloating and weight loss. A recent qualitative study looking at significant unmet psychosocial needs in those with PC identified gut-related symptoms as the major issue. 13 PC patients report that gastrointestinal symptoms and diet have a profound impact on their physical, emotional and social well-being, identifying MA as a clear clinical gap in their management. 13, 14 Pancreatic enzyme replacement therapy (PERT) has been shown to significantly improve fat digestion and symptoms after pancreatic resection and in known pancreatic insufficiency. 15 Among patients with chronic pancreatitis leading to exocrine insufficiency, two randomised controlled trials found PERT improved fat absorption after 3-week trial periods. 16, 17 Both studies report few adverse side effects from the medication, despite large doses being utilised. However, there are limited randomized clinical trials of PERT in this population of advanced PC patients, especially with a focus on symptom improvement. Given the high prevalence of exocrine insufficiency and MA in PC, the lack of evidence has led to the empiric use of pancreatic enzyme replacement as recommended by several current guidelines, including the National Comprehensive Cancer Network and the Pancreatic Section of the British Society of Gastroenterology. 12, [18] [19] [20] [21] Our research group has recently shown that four out of five patients with advanced PC in New Zealand were not on PERT despite the majority exhibiting symptoms consistent with MA. 11 This current pilot study was designed to explore the efficacy of PERT in improving symptoms of MA in a group of patients with a limited life span, and to measure the impact on quality of life in those diagnosed with metastatic pancreatic cancer.
Methods

Study population
The study recruited consecutive patients with a clinical or radiological diagnosis of metastatic pancreatic adenocarcinoma referred to the specialist palliative care team. The patients were referred by local oncology teams, surgeons or general practitioners. Patients were recruited to take part in the study by the palliative care dietitian. Additional inclusion criteria included fluency in English, ability to take oral medications and fill out survey instruments. As these patients have a poor prognosis, those with an Eastern Co-operative Oncology Group (ECOG) or a Palliative Performance Scale (PPS) of ⩽3 or less than 60% respectively were excluded from the study. Those already taking PERT were also excluded.
Design
To determine the impact of PERT on quality of life and MA symptoms, we performed a prospective non-randomised cohort study within a specialist palliative care service. The Nurse Maude Hospice Palliative Care team serves the Canterbury region in the South Island of New Zealand. Following written consent, an initial assessment was performed in the home which included the collection of demographics, completion of the MA symptom checklist, and the two quality-of-life questionnaires. Quality of life was measured using the EORTC QLQ-C30 and QLQ-PAN26, both validated tools. [22] [23] [24] The patient's functional ability was measured using the ECOG or PPS. 25 Following completion of this initial assessment, patients were commenced on pancrealipase 25,000IU (Creon 25000; Abbotts, Germany). The starting dose was 50,000IU Creon per meal and 25,000IU for a snack as outlined by Domínguez-Muñoz. 26 The average fat content of a standard diet was calculated as approximately 24 g of fat for breakfast, 22 g of fat for lunch and 24 g of fat for dinner. The participants were encouraged not to avoid fat in their diet. The starting dose could be increased on the basis of a 24-h diet recall, with one extra 25,000IU Creon per 16-20 g of extra fat per meal or snack. 27 The patient was reassessed by the dietitian after 1 week and 3 weeks post-initiation of PERT. These timeframes were based on prior published literature researching PERT in other disease processes. 20, 21 During reassessment visits, the following data was collected: the EORTC QLQ-C30, QLQ-PAN26, and weight, MA symptoms, ECOG/PPS and a 24-h recall of diet. The dietitian completed the questionnaires with the participants. In patients with on-going MA symptoms or where there was an improvement in appetite and therefore food intake, the Creon dose was increased to meet the higher fat content of the diet. 27 The primary end point of this study was to evaluate the impact of PERT on symptoms of MA at 1 week and 3 weeks after the initiation of Creon. Secondary end point was intolerance to the medication.
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Data analysis
The EORTC QLQ-C30 and QLQ-PAN26 questionnaire results were analysed in accordance with the EORTC manual 22 .' Missing data were assigned the mean value of the answered items of each domain if more than 50% of the items were completed. There were no clear patterns evident for the missing data except that many did not complete the sex domain questions, and therefore, these have not been summarised. Mean changes for each domain between the baseline and two follow-up periods were analysed using paired t-tests. All analyses were undertaken using SPSS v22.0 (SPSS Inc., Armonk, NY, USA). A two-tailed p-value <0.05 was taken to indicate statistical significance.
Ethical considerations
This low-risk research protocol was approved by Nurse Maude Ethics Advisory Group which is an institutional ethics board. The participants were consented and the procedure was approved by the ethics group. The research was retrospectively registered with Australia and New Zealand Clinical Trials registry and has the trial number ACTRN12617000801314.
Results
Demographics
Between June 2013 and May 2015, 97 patients with metastatic pancreatic cancer were screened for eligibility to the study. The 53 out of 97 ineligible patients were ineligible due to poor performance status or prior initiation of PERT. There were 53 out of 97 patients deemed ineligible due to poor performance status or prior initiation of PERT. Forty-four participants consented to the study but 15 were unable to complete initial assessment due to progressive disease. Those that did and did not complete assessments were relatively similar, with the group who completed the study having better performance status, higher weight, cancers that originated in the head of the pancreas and local disease (Table 1) .
PERT titration
The majority of subjects did not have their PERT dose escalated as their food diaries did not significantly alter between assessments. However, four (of 29) of the subjects had a dose escalation in response to increasing appetite and food intake, and one (of 29) had a decrease in the number of capsules prescribed. Dose escalation tended to be one extra Creon with main meals.
Symptoms of MA
PERT was associated with statistically significant improvement in some symptoms in both the general (QLQ-C30) tool and pancreatic cancer specific tool (PAN26), as shown in Table 2 
Discussion
In this study, subjects with advanced pancreatic malignancy were initiated on empiric PERT. Quality of life was assessed by validated instruments (EORTC QLQ-C30 and QLQ-PAN26), and improvement was found in a number of potentially distressing symptoms. Diarrhoea, pancreatic pain, hepatic and bloating/gas all improved significantly. Although diarrhoea improved significantly at Week 1 it had worsened again by Week 3. This may reflect increased appetite and therefore food intake by participants. The diagnosis of advanced pancreatic cancer has a poor prognosis so the focus is to maximise symptom management. PERT shows potential as a simple and effective way of improving quality of life for these patients.
Wakasugi and colleagues was one of the first articles to suggest patients with advanced pancreatic cancer developed MA at rates approaching 80%. 28 This has been confirmed using several different methods by Matsumoto and Traverso 8 in 2006 who found that 68% of pre-operative pancreatic cancer patients had malabsorption. Furthermore, Sikkens and colleagues 10 reported under-treatment of exocrine insufficiency in postsurgical patients, with only 33% having visited a dietitian. In New Zealand, a recent study showed only 21% of those diagnosed with advanced pancreatic cancer were on PERT. 11 The efficacy of PERT in improving malabsorption symptoms in both chronic pancreatitis and post-pancreatic surgery has been proven in two randomised controlled trials. 16, 17 In two non-randomised studies, PERT prevented weight loss for at least a period of time after diagnosis, with weight stabilisation being shown to improve survival and quality of life. 17, 29 However, a recent prospective, randomised, placebo-controlled trial undertaken in Korea studied PERT and its effect on weight in patients with unresectable PC. They concluded there was no improvement with PERT. Their results did indicate that 67% of the patients had PEI but only one-third had tumour in the head of the pancreas. This tumour type would be more likely to cause malabsorption. Subanalysis of this group showed different results in the head of pancreas group to the wider results but was not characterised in detail. They also did not focus primarily on symptoms, forgoing the EORTC QLQ-PAN26 tool designed specifically for indicators of malabsorption. 30 This pilot study has several potential limitations. However, this study was utilised to help design a possible randomised controlled trial (RCT) and to check recruitment to this type of study was feasible. Malabsorption was defined based on a constellation of clinical symptoms as opposed to an objective measure of poor absorption, such as faecal fat. However, it should be noted that the primary focus of this research was quality of life, and there is poor correlation between laboratory measures of malabsorption and malabsorptive symptoms. 5 There was significant attrition of patients between screening and enrolment, and over the course of the 21 days of follow-up. This is not surprising given the rapid clinical progression of many of these patients as reflected in their short survival time. Finally, there was no recording of the subjects' concomitant medications; it is possible that concurrent adjustment in pain medications or other supportive medications may lead to an overestimation of the effect of PERT. Nonetheless, in this pilot study, there was clear signal that PERT was associated with improved quality of life (QOL) and merits further research.
Although the evidence is conflicting, significant rates of PEI have been shown. The medication used to treat the symptoms of malabsorption is well tolerated and easy to administer. The most difficult aspect of the treatment is titration and dietary advice/resources. However, use of PERT has the potential to significantly improve aspects of quality of life in this malignancy which has such a poor prognosis, and therefore, it is worth empirically treating all appropriate patients.
Conclusion
In conclusion, this study shows PERT is a safe therapy for the treatment of malabsorption symptoms in patients diagnosed with advanced pancreatic cancer. It appears to have a positive impact on symptoms and quality of life and this is further support for international guidelines recommending its use empirically.
